Chemical investigation of the stem bark of Anthocephalus cadamba has resulted in the isolation of anthocephaline (1), a new indole alkaloid, along with strictosamide (2), vincosamide (3) and cadambine (4). The structures of the isolated alkaloids (1-4) were established by detailed 2D NMR spectral analysis. Cadambine (4) exhibited potent DNA topoisomerase IB inhibitory activity.
In the present study we report the isolation and characterization of anthocephaline, a new indole alkaloid (1), along with three known indole alkaloids strictosamide (2) , vincosamide (3) and cadambine (4) . Essentially the complete assignment of all these compounds was made from 1D and 2D NMR spectra. Interestingly, cadambine (4) exhibited potent DNA topoisomerase IB inhibitory activity.
The alkaloids were isolated from the methanol extract of the bark of this plant by repeated silica gel chromatography and Sephadex LH-20 reversed phase chromatography. 553.2162)] gave IR absorptions for hydroxyl (3420 cm -1 ) and α, β-unsaturated carbonyl (1653 cm -1 ) groups. The UV spectrum exhibited absorptions at λ max (MeOH) nm (log ε): 221 (3.87), 267 (3.98), and 296 (3.26), similar to an indole chromophore. The structure was established from detailed 1 H and 13 C NMR spectroscopic data (Table 1) , along with 2D NMR experiments (COSY, NOESY, HMQC, HMBC). The 1 H and 13 C NMR data of 1 were very similar to those of naucleomide C, except for the resonances of aromatic protons, and trisubstituted olefinic and enolic protons [9] . The 13 C NMR data further indicated that possessed one carbomethoxy carbonyl instead of an amide carbonyl moiety. The 1 H NMR spectrum of 1 showed a doublet at δ 6.85 (J=7.6 Hz) (H-12) and a double doublet at δ 6.61 (J=7.6, 1.2 Hz) (H-11) for two ortho-coupled aromatic protons, along with meta coupling to a proton with a resonance at δ 6.86 (H-9). By comparison of the 13 C NMR spectral data of 10-hydroxystrictosamide [7] with that of 1, a singlet at 153.1 ppm and three doublets at 107.0, 104.8 and 123.1 ppm were assigned to C-10, C-9, C-11 and C-12, respectively. HMBC correlations of the anomeric proton H-1'to C-10; H-9 to C-10, C-11 and C-13; H-11 to C-9, C-10 and C-13; and H-12 to C-8 and C-10 suggested the presence of an O-β-D glucosyl substituent at C-10. This was further substantiated by acid hydrolysis of the compound. The 1 H-1 H COSY spectrum revealed connectivity of C-5 to C-6, C-11 to C-12, C-3 to C-14, C-14 to C-15, C-15 to C-20, C-20 to C-19 and C-21, and C-19 to C-18 ( Figure 1 ). The HMBC spectrum of 1 showed correlations of H-3 to C-2; H-5 to C-3 and C-7; H-6 to C-2 and C-8; and H-9 to C-7 and C-13 giving a clear picture of rings A, B, and C as the tetrahydro-β-carboline ring system. Further correlations of H-21 to C-15, C-17, and H-17 to C-15 revealed the presence of a dihydropyran ring in compound 1. The signal at 172.0 ppm assigned to a carbomethoxy carbon showed HMBC cross peaks with H-17 and 3H-23, indicating the placement of the carbomethoxy group at C-16. The presence of a vinylic chain (CH 2 =CH-) at C-20 was established by HMBC correlation of H-18 to C-20, C-19, and H-19 to C-20, C-21 and C-15 . (4) were established by detailed spectral analysis, including 2D NMR spectral studies, as well as comparison with the published data of these alkaloids [7, 8] ; strictosamide (2) and vincosamide (3) were previously isolated from Nauclea orientalis [7] , and cadambine (4) from Anthocephalus chinensis [8] .
The effect of anthocephaline (1), strictosamide (2), vincosamide (3), and cadambine (4) on the unusual bi-subunit type IB topoisomerase of Leishmania donovani (LdTOP1LS) was examined by plasmid relaxation assays. These were carried out under standard assay conditions where the plasmid DNA and the enzyme were present at a molar ratio of 3:1. Under this condition, LdTOP1LS completely relaxes supercoiled plasmid DNA after 30 min of incubation when there is no inhibitor present in the system. Compound 4 produced 100% inhibition of the catalytic activity of LdTOP1LS at 200 μM concentration under the same assay conditions, but compounds 1 and 2 did not show any inhibition. However, 3 produced partial inhibition at 200 μM, but the extent of inhibition was not significant. In order to determine the threshold inhibitory dosage of compound 4, plasmid relaxation assays were carried out with reduced concentrations of compound 4. It was found that the compound completely inhibits the relaxation activity of the enzyme at just 25 μM and produces more than 50% inhibition at just 10 μM concentration. It is quite apparent that the inhibitory effect of the compound increases in a dose dependent manner.
Experimental
General experimental procedures: TLC was carried out on silica gel 60 F254 (Merck) plates and compounds were visualized by spraying with Liebermann-Burchard reagent, followed by heating at 120 º C; the compounds were also visualized by iodine spray. Column chromatography was performed on silica gel 60-120, 100-200 mesh (Merck), followed by Sephadex LH-20.Mass spectra were recorded by a Q-TOF Micromass Spectrometer. 1 H NMR, 13 C NMR, and 2D NMR spectra were recorded using a Bruker Avance 600 MHz spectrometer, with TMS as an internal standard. Data are presented as follow: Chemical shift (in ppm on the δ scale relative to δ TMS = 0), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet), coupling constant (J/Hz). 
Extraction and isolation of compounds:
The air dried powdered stem bark of A. cadamba (1.5 kg) was subjected to cold extraction with light petroleum (60-80 º C), chloroform and methanol, respectively. The methanol extract (200 g) was fractionated with hydrated n-butanol and dried under vacuum. The n-butanol fraction (40 g) was repeatedly chromatographed over silica gel (60-120, 100-200 mesh) with gradient elution with chloroform 2, 5, 10, 15, 20, 25 and 30% methanol in chloroform, followed by Sephadex LH-20, eluting with H 2 O and MeOH-H 2 O mixtures, which led to the isolation of compounds 1 (0.032 g), 2 (0.082 g), 3 (0.015 g), and 4 (0.0084 g).
